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Abstract 
A mixture design method is developed to investigate the effects of R7T7 glass composition on the residual rate of 
alteration in di-ionized water at 50°C. The 12 variables are SiO2, B2O3, Na2O, Al2O3, CaO, ZnO, NiO + CoO, Fe2O3, 
MoO3, ZrO2, FP remaining (Fission Products and actinides remaining) and platinoïds. The method is detailed in this 
paper and a following publication will deal with the results of its implementation. This experimental design involves 
27 glass compositions (with 29 oxides in each glass composition) which are used as training data to estimate the 
composition effects and to build the predictive alteration models. Three additional glass compositions were 
formulated to validate the models and to compare the results with other studies. Leaching experiments were planned 
in residual regime conditions with a monthly monitoring of the pH and the concentrations in solution. Normalized 
mass loss and alteration rate are calculated and linear regressions were carried out to statistically treat the 
experimental data. 
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Introduction 
In France, nuclear wastes are vitrified in glasses of the formulation R7T7 which will probably be ultimately 
stored in a geological disposal. It is estimated that only after more than one thousand years, the underground water 
may be in contact with the nuclear glass and the glass alteration will have to be taken into consideration. The long-
term behavior of the R7T7 glasses has been studied since the 60’s and the different regimes of glass alteration are 
now well identified (initial rate, drop of rate, residual rate and possibly resumption of rate) (Gin et al. (2012)) 
(Vienna et al. (2013)). However, the composition effects on these regimes (Frugier et al. (2005)) are very complex 
and not currently well understood. None of the existing models is able to accurately predict the long-term behavior 
for all glass compositions in all alteration conditions.  
This study deals with the residual rate as it is the key-regime of alteration in geological disposal as long as the 
conditions of resumption are not in place (Ribet and Gin (2004), Ribet et al. (2004)). The residual rate (rr) is reached 
when the alteration solution is saturated (particularly in silicon), hydrolysis is limited and transport through the 
alteration layer is slowed down. The mechanisms influencing the residual rate are mainly the following: (1) the 
diffusion of elements from glass to solution as long as the interdiffusion is faster than the hydrolysis (Neeway et al. 
(2011)), (2) the water diffusion through the gel and (3) the secondary phases formation consuming elements from 
the gel or the alteration solution. The parameters influencing these mechanisms are pH (Advocat et al. (1991)), 
temperature, glass composition and concentrations of constituents in solution. In the residual regime, the glass and 
the gel are metastable and the system slowly approaches a more stable state with the formation of secondary phases. 
The residual rate is slowly decreasing (in absence of resumption) following a law which is still under investigations. 
Furthermore, there is no apparent relation between the initial rate (first rate before the regime of rate drop) and the 
residual rate (Gin et al. (2013)). 
R7T7 glass contains about thirty referenced components (single oxides). The overall domain for R7T7 glass 
compositions is shown in table 1.  
Table 1. The domain of R7T7 glass compositions in wt% of oxide 
Domain 
(wt% of 
oxide) 
SiO2 B2O3 Al2O3 Na2O CaO Fe2O3 NiO Cr2O3 P2O5 Li2O ZnO 
Oxides (Fission 
Products, Zr, 
actinides) 
SiO2+B2O3+Al2O3 
min 42.4 12.4 3.6 8.1 3.5 0.0 0.0 0.0 0.0 1.6 2.2 4.2 60.0 
max 51.7 16.5 6.6 11.0 4.8 4.5 0.5 0.6 1.0 2.4 2.8 18.5  
In general, elements such as Na, Zn, Ni, Fe and Mg increase the residual rate because they precipitate in 
secondary phases consuming elements of the protective gel Si, Al or Ca (Vernaz and Dussossoy (1992), Thien et al. 
(2010), Gin et al. (2012)). There is a synergy between Ca and Al or Zr which leads to a decrease in the residual rate 
measured on simple glasses (Gin et al. (2012)) particularly, with Ca which plays an essential role in the protective 
gel (Chave et al. (2011)). Moreover increasing Zr seems to increase the residual rate and the synergy between IVB 
elements and gel elements like Si, Ca and Na, as underlined by Bergeron et al (2010) with a key-role of the local 
charge compensation. The complexity of the alteration process is due to the antagonist effects of the different 
elements and sometimes of a same element on the overall alteration process. As a consequence, the method of 
experimental design is relevant for investigating the R7T7 glass composition effects on residual rate of alteration. A 
mixture design is more particularly adapted because glass component proportions sum to 100%.  
The main issue of this study is to better predict the effects of R7T7 glass composition on the residual rate of 
alteration. The strategy used in defining varables and their limits is the most essential in mixture design. This paper 
deals with the principle used in the mixture design applied to the effects of the R7T7 glass composition domain on 
residual rate of alteration and the results will be published independently in another article. 
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1. Construction of the experimental design 
1.1. Definition of the experimental domain 
The mixture design requires the definition of the variables (nature and range of variation), constants (nature and 
value) and any selected relational constraints between variables and constants. In this study, component proportions 
are given in weight percentage of the corresponding oxides. Even if the molar percentage of element would be more 
relevant to study the mechanisms of alteration, the R7T7 domain is expressed in weight percentage of oxide because 
it is impossible to convert it into molar percentage. In fact, it is possible to convert a composition in weight 
percentage of oxide in molar percentage of element but not for a domain of compositions with ranges of variations 
(because the molar masses of the components are different). The experimental part of this study was performed with 
inactive equivalent glasses of R7T7 glasses. Tc was replaced by Mn. U, Np, Am and Cm were replaced by Nd. Pu 
was replaced by Ce. These analogs substitution accounted for less than 0.7 wt% of oxide of the total composition. 
The choice of the variables was performed taking into account the R7T7 domain and the acknowledged influence 
of each element on the pH, on the gel layer and on the secondary phases formation. The total number of variables 
was set to 12, which was found to be a good trade-off between the number of chemical elements of interest, and the 
total number of experimental tests that can be achieved. In addition, the variations had to be significant (above 1 %) 
to not destabilize the mixture design. The 12 variables are SiO2, B2O3, Na2O, Al2O3, CaO, ZnO, NiO + CoO, Fe2O3, 
MoO3, ZrO2, FP remaining (Fission Products and actinides remaining) and platinoïds. Ni and Co were accounted 
together with a set mass oxide ratio of 1 because they precipitate in the same position in the secondary phases 
(unpublished CEA’s report).  The composition of ‘FP remaining’ is close to the mean composition of solutions 
obtained with the nuclear fuel called ‘UOx2’ (table 2). In addition, 5 constants were defined in this mixture design: 
Li2O, K2O, MgO, P2O5 and Cr2O3 (Table 4). 
Table 2. Composition of the variable ‘FP remaining’ in wt% of oxide 
Composition 
of ‘FP 
remaining’ 
MnO2 SrO Y2O3 AgO CdO SnO2 TeO2 Cs2O BaO Ce2O3 Pr2O3 La2O3 Nd2O3 Sum 
wt% of oxide 4.00 3.92 2.45 0.8 0.48 0.2 2.93 13.24 8.35 11.80 5.58 12.25 34.00 100.00 
Ranges of variation and values of constants were chosen in agreement with the R7T7 domain and based on the 
mean amount of components in the R7T7 glasses (Table 3 and 4). Few ranges of variation were changed to enlarge 
the studied domain or to avoid the binary situation: absence or presence of an element (NiO+CoO and Fe2O3). Thus 
these elements will always be available to trigger the nucleation of secondary phases. MoO3, ZrO2, ‘FP remaining’ 
and platinoïds contents are not separately defined in the R7T7 domain. Only their sum has to range between 4.2 and 
18.5% and the amount of platinoids has to be under 3.0% (3.1% in this mixture design to leave a margin of error). 
The tendency is to increase the radionuclides load in the glass composition so the previous sum was narrowed to 
between 8.5 and 19.2%. Then, the ranges of variation of MoO3, ZrO2 and ‘FP remaining’ were chosen taking into 
account the origins of each component in the industrial process and calculating their minimal and maximal amounts. 
The relational constraints of the mixture design are shown in table 5. They are defined in order to meet the 
vitrification process requirements and the conditions required to obtain homogeneous glasses. 
Table 3. The mixture design variables and their ranges of variation in wt% of oxide 
Domain (wt% 
of oxide) SiO2 B2O3 Na2O Al2O3 CaO ZnO  NiO+CoO Fe2O3 MoO3 ZrO2 
‘FP 
remaining’ Platinoids 
min 41.9 11.9 8.1 3.6 3.5 2.0 0.05 0.05 0.8 1.2 1.7 0.7 
max  51.7 16.5 12.3 6.6 4.8 3.5 1.1 4.5 3.0 3.7 13 3.1 
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Table 4. The mixture design constants and their values in wt% of oxide 
wt% of 
oxide  MgO K2O Li2O Cr2O3 P2O5 
Value 0.10 0.12 2.0 0.11 0.26 
Table 5. The mixture design relational constraints in wt% of oxide 
Constaints 
(wt% of oxide) SiO2+B2O3+Al2O3  
ZrO2+MoO3+‘FP 
remaining’ 
MoO3/(48.75% of 
‘FP remaining’) 
Platinoids/(48.75% 
of ‘FP remaining’) 
Sum of 
variables 
Sum of 
constants  
min 60.00 8.50 0.206 0.227 
= 97.41 = 2.59 
max  100.00 19.20 3.620 3.741 
1.2. Generation of the design of experiments 
The mixture design glass compositions were obtained by using the ‘Distance-based design’ algorithm 
implemented in the ‘Design Expert®’ version 7 software. 
Distance-based methods are ideal because design points are selected in a way that achieves maximum spread 
throughout the design region (Stat-Ease, (2001)). Moreover, the location of the design points is independent from 
the final number of experimental runs to be used for building the models, which is a major difference with other 
types of designs. As a consequence, it is possible to add new mixtures to an existing design, without disturbing the 
definition of the mixtures already selected. It is also possible to remove a design point without a total destabilization 
of the design. This can be very useful when one of the experimental mixtures does not turn out to be an achievable 
glass.  
However, the distance-based design approach also presents some drawbacks. Firstly, very long time calculation 
are required to generate the whole set of candidate points and to compute distance matrices. This issue can be 
resolved to a great extent by using dedicated calculation codes. Secondly, for high number of components, mixtures 
are mostly located on the domain boundaries. Alternative methods have been developed in the past to overcome this 
problem (Piepel et al. (2005)). Finally, from a mathematical point of view, distance optimality criterion does not 
strictly provide the most accurate estimation of the model coefficients. For this purpose, D-optimality criterion is the 
most suitable. Many different designs, including D-optimal, A-optimal and distance-based designs, have been 
generated and compared in this study. In the end, we retained the distance-based design showing the best D-
criterion, which was very similar to those obtained with D-optimal designs. 
The total number of candidate points in the experimental domain as defined in table 3 and table 5 reaches 31999 
points. This number involves: vertices (3701 points), centers of edges (12286 points), centers of hyperfaces (12 
points), 15999 points located inside the domain and defined by the software as “axial check blends” (3701 points) 
and “interior check blends” (12298 points), plus the overall centroid of the domain. 
The number of experimental runs (N) used to build the models has been set to 27. This number has been defined 
by studying the evolution of the indicator log10 [det( (1/N) (tX)*(X) )(1/P)] with X the matrix of the mixture design (N 
rows and P columns), N the number of compositions of the mixture design and P the number of variables.  
Three other glass compositions were selected for the model validation: 1) the reference inactive glass 
composition of the R7T7 domain, 2) the average of the 27 glass compositions of the mixture design and 3) a 
composition close to the standard industrial glass. The reference R7T7 glass also enables comparisons with similar 
experiments carried out in the past. 
Eventually, it was chosen to make glasses without platinoids. In fact, even if platinoids are defined as a variable 
in order to respect the domain R7T7, they are not involved in the glass network (Pacaud et al. (1991)) and do not 
have an effect on the residual rate. Moreover they complicate the glass preparation by requiring a continuous stirring 
to prevent settling. Thus, the compositions were renormalized without platinoids to a sum of 100%.  
2. Preparation of the mixture design glasses 
The glass preparation requires two steps: weighting the components and thermal (melt) treatment. The 29 
reagents were : SiO2, H3BO3, Na2CO3, Al2O3, MgO, CaO, Li2CO3, Fe2O3, NiO, Cr2O3, ZnO, AlPO4, Sr(NO3)2, ZrO2, 
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MoO3, [Mn(NO3)2 ; 4H2O], [Co2O3 ; Co3O4], CsNO3, Ba(NO3)2, Y2O3, La2O3, [Ce2(NO3)3 ; 6H2O], Nd2O3, Pr6O11, 
KNO3, Ag2O, CdO, SnO and TeO2. Weighting was performed on a Sartorius ME254S with a precision of 10-7 kg, a 
Sartorius LA620S with a precision of 10-6 kg and a METTLER AT400 (precision of 10-7 kg) under extractor hood 
for CMR reagents. All weighted powders were placed in a jar and stirred in a TURBULA mixer during several 
minutes to provide homogeneous mixing of the reagents. Melting was performed during 3 hours at 1200°C using 
Pt/Au crucibles in a muffle oven Nabertherm LT 9/12/5W 2007 (3 kW) with ventilation. The heating rate was 
400°C/hour. Three Pt/Au crucible melts were necessary to produce about 0.5 kg of glass. After 2 hours at 1200°C, 
the molten glasses of each crucible were cooled down on a stainless plate, broken in small parts, mixed and placed 
back in a similar crucible at 1200°C during one additional hour. Then glass was cooled down on a stainless plate to 
make glass powder. The glass was reduced to powder in a bowl (2.5 10-4 m3) with 5 balls (diameter: 2 10-2 m) of 
tungsten carbide. 5 10-2 kg of glass was used for each grinding with a rate of 45 turns/minute during 3 minutes. 
Then, stainless sieves (1.25 10-4 m, 6.30 10-5 m and 4.00 10-5 m) were used. The fraction 4.00-6.30 10-5 m was 
cleaned using the standard procedure (ISO 719:1985) and the specific surface area was measured by krypton 
adsorption with the BET method.  
The final glass compositions of the mixture design are shown in table 6. For two glasses of the mixture design 
(numbers 9 and 14), the preparation process was stopped because of a foaming during melting leading to an 
overflowing of the glass out of the crucible. They were replaced by the two candidate points following in the list of 
the mixture design: glass numbers 28 and 29. The homogeneity was confirmed by SEM analyses carried out with a 
JEOL JSM-6330F. Semi-quantitative X-ray fluorescence analysis was performed to confirm the composition was on 
target. SEM and X-ray fluorescence analyses confirmed that the glasses were homogeneous, crystal free and with 
the expected compositions. 
Table 6. Glass compositions of the mixture design (27 building glasses and 3 external glasses) in wt% of oxides  
 SiO2 B2O3 Na2O Al2O3 CaO ZnO 
NiO+
CoO 
Fe2O3 MoO3 ZrO2 
‘FP 
remaining’ 
MgO K2O Li2O Cr2O3 P2O5 
1 53.35 16.53 9.36 6.31 3.61 2.06 0.05 0.05 3.00 1.24 1.75 0.10 0.12 2.06 0.11 0.27 
2 42.51 12.07 8.22 6.29 3.55 2.03 0.11 4.57 1.32 3.52 13.19 0.10 0.12 2.03 0.11 0.26 
3 42.20 16.62 12.39 3.63 4.83 3.52 1.11 4.53 3.02 3.73 1.82 0.10 0.12 2.01 0.11 0.26 
4 52.36 12.05 8.20 3.65 3.54 3.54 0.05 0.05 1.16 1.22 11.56 0.10 0.12 2.03 0.11 0.26 
5 45.93 16.65 12.41 6.66 3.53 2.02 0.05 0.05 0.81 1.21 8.07 0.10 0.12 2.02 0.11 0.26 
6 50.36 11.98 12.39 3.63 3.52 2.01 1.11 4.53 0.81 3.73 3.32 0.10 0.12 2.01 0.11 0.26 
7 43.24 12.28 12.69 6.60 3.61 2.06 1.14 4.64 3.10 1.24 6.72 0.10 0.12 2.06 0.11 0.27 
8 47.12 12.28 12.69 6.81 4.95 3.61 1.14 0.05 3.10 3.82 1.75 0.10 0.12 2.06 0.11 0.27 
10 47.09 17.03 8.36 6.81 3.61 3.61 0.59 4.64 0.83 1.24 3.51 0.10 0.12 2.06 0.11 0.27 
11 47.00 12.01 8.17 3.63 4.84 3.53 1.11 4.54 3.03 1.21 8.31 0.10 0.12 2.02 0.11 0.26 
12 46.09 12.15 12.56 3.68 4.90 2.04 0.05 0.05 1.33 1.23 13.27 0.10 0.12 2.04 0.11 0.27 
13 51.06 12.28 8.36 6.81 4.95 2.06 1.14 0.05 0.83 3.82 5.96 0.10 0.12 2.06 0.11 0.27 
15 52.06 15.81 8.16 3.63 3.52 2.01 0.05 3.72 0.81 1.21 6.41 0.10 0.12 2.01 0.11 0.26 
16 42.27 16.65 10.57 3.63 3.53 3.53 0.05 4.54 0.81 3.73 8.07 0.10 0.12 2.02 0.11 0.26 
17 50.04 16.89 12.59 3.68 3.58 3.58 0.59 0.05 0.82 3.79 1.74 0.10 0.12 2.05 0.11 0.27 
18 51.12 12.25 8.34 6.79 4.94 2.06 1.13 4.63 3.09 1.24 1.75 0.10 0.12 2.06 0.11 0.27 
19 47.63 16.62 8.16 3.63 3.52 3.52 1.11 0.05 3.02 3.73 6.41 0.10 0.12 2.01 0.11 0.26 
20 52.06 11.98 12.13 3.63 4.83 2.01 0.05 0.05 3.02 1.21 6.41 0.10 0.12 2.01 0.11 0.26 
21 45.93 12.28 8.36 6.81 3.61 3.61 0.05 0.05 3.10 3.82 9.70 0.10 0.12 2.06 0.11 0.27 
22 49.10 16.62 8.16 3.63 4.83 2.01 0.05 4.53 3.02 3.73 1.71 0.10 0.12 2.01 0.11 0.26 
23 52.06 11.98 11.09 6.65 3.52 3.52 0.05 0.05 3.02 3.73 1.71 0.10 0.12 2.01 0.11 0.26 
24 43.24 14.96 12.69 3.72 3.61 2.06 1.14 0.05 3.10 3.82 8.94 0.10 0.12 2.06 0.11 0.27 
25 47.92 12.14 12.55 3.67 3.57 3.57 1.12 0.05 0.82 3.78 8.16 0.10 0.12 2.04 0.11 0.27 
26 45.92 12.28 12.69 3.72 4.95 3.61 1.14 4.64 0.83 3.82 3.73 0.10 0.12 2.06 0.11 0.27 
27 49.29 17.03 8.36 3.72 3.61 2.06 0.05 0.05 1.08 1.24 10.84 0.10 0.12 2.06 0.11 0.27 
28 47.18 11.98 12.39 6.65 4.18 2.01 0.05 4.53 0.81 1.21 6.41 0.10 0.12 2.01 0.11 0.26 
29 47.95 17.03 12.69 3.72 3.61 2.06 0.05 4.64 2.58 1.24 1.75 0.10 0.12 2.06 0.11 0.27 
30 45.85 14.14 10.22 5.00 4.07 2.53 0.43 3.03 1.78 2.75 7.38 0.00 0.00 1.99 0.53 0.29 
31 47.86 14.09 10.54 4.87 4.03 2.72 0.53 2.20 1.93 2.54 6.04 0.10 0.12 2.04 0.11 0.27 
32 46.19 14.74 9.36 4.58 4.18 2.54 0.13 0.58 2.39 2.83 9.82 0.10 0.12 2.06 0.11 0.27 
3. Quantification of the alteration 
Thirty experiments were planned in residual regime conditions (surface-area-to-volume-ratio of 20000 m-1 with 
intent to saturate quickly the solution). The pH and the concentrations of the elements B, Ca, Li, Mo, Na, Si, Al, Zn, 
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Fe, Zr, Mg, Cr, P, Co, Ni, Nd and K are monitored monthly. The normalized mass loss of the element i at sampling 
date a (NL(i)a in g.m-2) were calculated using the ICP-AES results and the glass compositions (1) : 
 NL(i)a = NL(i)a-1 + [([i]a × Va,before) - ([i]a-1 × Va-1,after)] / (x(i) × S)             (1) 
 
With: 
x a-1: the former sampling date just before the sampling date a. 
x [i]a: the concentration of i analyzed at sampling date a by ICP-AES. 
x Va,before: the volume of the solution at the sampling date a before sampling. 
x Va-1,after: the volume of the solution at the sampling date a-1 after sampling. 
x x(i): the mass percentage of element i in the glass. 
x S: the surface area of glass. 
 
NL(i)a is associated with a mass of altered glass and the lower the retention of element i in gel layer or secondary 
phases, the closer NL(i)a is to the actual mass of altered glass. In this study, boron was chosen for the element i 
because of its high mobility and it is not subject to the solubility limits that may affect solution concentration of 
other leached species. The error bars for NL(B) were estimated with a table method developed in Williams et al. 
(2000). Thus, the confidence interval of 95% of NL(B) is 15% considering accuracy of ±10% for the specific 
surface area, ±10%  for the mass percentage of boron in glass, ±3% for the boron concentrations in solution and 
±2% for the volume of solution. 
The residual rate of alteration between sampling dates a and b (rr(i)a-b) were estimated with the software 
‘Lumière’ (SIER soft-16) calculating the slope of the evolution of NL(i) versus time (t) between a and b. The 
equation of this linear regression (Confais et al. (2006)) is as follows: 
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With (tj, NL(i)j) the coordinates of the n points used for the linear regression, t  the mean of the tj and )(iNL  the 
mean of the NL(i)j. Furthermore, the uncertainties of rr(i)a-b named u(rr(i)a-b) were calculated with the following 
equation: 
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4. Statistical treatment 
Experimental data have been treated using the response surface methodology applied to mixture designs (Cornell 
(1981)). Principle of statistical treatment is to determine the best regression model representing the true relationship 
between the predictors (X) and the response (Y). For this purpose, data analysis has been done by using multi-linear 
regression. Mixture model forms most commonly used in fitting mixture data are canonical polynomials (Scheffé 
(1958)). The first-degree model is first evaluated by calculating adjusted-R² (4) and PRESS (PRedicted Error Sum 
of Squares) (5) statistic which gives an evaluation of the predictive quality of the model. Adjusted-R² represents the 
adjusted fraction of the property accounted for by the model. 
)(
)1(1²
pNSST
NSSERAdjusted 
                   (4)  
SSE is the summed square of residuals, SST the total sum of squares, N the number of runs and p the number of 
predictors. 
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iy  is the actual value measured for the ith run and )(ˆ iy  is the predicted value where the prediction is made for the 
ith run using only (N-1) runs, when iy  is left out in the ith run. 
Q² parameter can be calculated in analogy of R² with the equation (6) and the closer to 1 the better the predictive 
quality of the model: 
SST
PRESSQ  1²                    (6) 
In this study, when the predictive quality of the first-degree model was not high enough, higher-degree models 
have been evaluated by using the Stepwise platform in ‘JMP’ software.  
The variance function fv enables to know the experimental region of the domain where the prediction given by the 
model will be the most uncertain. The variance function associated with the Xu glass composition is given in 
equation (7): 
fv(Xu) = (Xu)*(tXX)-1*(tXu) (7) 
The confidence interval of 95% of the mean (Im95%) (usually applied to the training data of the model) (8) and 
the confidence interval of 95% of the individual variable (Ivi95%) (usually applied to the external data) (9) can be 
calculated with the following equations : 
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With: 
x d : the degree of freedom. 
x Dt : the Student coefficient associated with d and an interval of 95%. 
 
The effects of glass composition can be estimated by calculating the variation of the predicted value of the 
response around a given composition when changing the component proportions. Finally, the multi-linear regression 
method relies on the hypothesis of linear effects. Therefore, dependences like exponential or inverse function for 
examples cannot be modeled here. 
5. Insight into the results 
Experimental and modeling results of this study will be published in a future paper (under preparation). To give 
an insight, there is one order of magnitude of difference between the lowest and the highest rates in the studied glass 
domain. The experimental training data are well predicted by the model because R² is 0.97 (Fig 1). Besides, the 
statistical tendencies around the mean of the 27 building glasses are the higher the amounts of B2O3, Na2O and 
notably ZnO, the higher the rate and the lower the amount of SiO2 the higher the rate.  Finally, the developed model 
is able to predict the rate and it allows to study the effects of composition around a chosen glass composition in the 
studied domain. 
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Fig. 1. Predicted rates versus experimental rates (in g.m-².d-1) calculated between 357 and 553 days of alteration in initial pure water for the 27 
training glasses at 50°C and 20000 m-1 
Conclusion 
The mixture design method is an adapted tool to study the effects of complex glass compositions. This method is 
here implemented for investigating the effects of R7T7 glass compositions on the residual rate of alteration. The 12 
selected variables are SiO2, B2O3, Na2O, Al2O3, CaO, ZnO, NiO + CoO, Fe2O3, MoO3, ZrO2, FP remaining (Fission 
Products and actinides remaining) and platinoïds. Components constants are Li2O, K2O, MgO, P2O5 and Cr2O3. 
However, glasses were made without platinoids because they do not have an effect on residual rate as they do not 
belong to the glass network but cause preparation difficulties. 27 training glasses and 3 external glasses were 
prepared following this mixture design. Leaching experiments were carried out in conditions of residual regime. 
Monthly samplings allow to measure the pH and to follow the evolutions of the concentrations in solution (for both 
variables and constants components) by ICP-AES analysis. Then, data until 553 days was investigated with the 
statistical treatment of multivariable linear regression to obtain predictive equation useable in the studied domain 
and to estimate the effects of glass compositions on residual rate but also on pH and normalized mass loss. Residual 
rate does not depend linearly on glass components or on couples of glass components. So linear hypothesis is 
optimal in this study in order to approximate the unknown complex relation between residual rate and glass 
composition but it is not perfect. In this context, the methodology of mixture design is adequate to obtain key 
information on the effects of glass composition on its alteration and estimations of normalized mass loss or residual 
rate. 
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